Background/Aims: Endoplasmic reticulum lipid raft-associated 2 (ERLIN2) is reported to be overexpressed in human breast cancer cells and plays an important role in cell proliferation. MicroRNAs (miRNAs) act as post-transcriptional regulators of gene expression and are involved in the development of multiple malignancies, including breast cancer. However, the molecular mechanism of the aberrant ERLIN2 expression in human breast cancer remains poorly understood. Methods: MiR-410 expression level was analyzed using Real-time PCR, and ERLIN2 expression was analyzed using Western blot, Real-time PCR and immunohistochemical staining. The effect of miR-410 on ERLIN2 3'UTR intensity was performed using a luciferase assay. Cell proliferation was analyzed using CCK-8 and colony formation assay, together with an Annexin V-PE/7-AAD kit for cell apoptosis assay. Cell migration and invasion was detected using a Transwell migration and invasion assay. Methylation specific PCR was used to examine whether miR-410 promoter was demethylated. Results: In this study, we validated that ERLIN2 was a direct target of miR-410 and miR-410 suppressed ERLIN2 expression at the posttranscriptional level. Importantly, the regulation of ERLIN2 by miR-410 was estrogen receptor (ER) dependent. Functional studies demonstrated that miR-410 inhibited breast cancer cell proliferation, migration and invasion, but promoted cell apoptosis. However, inhibition of miR-410 resulted in opposite effects. A xenograft nude mouse model further confirmed that miR-410 suppressed breast tumor growth. In addition, miR-410 modulated the expression levels of epithelial-mesenchymal transition (EMT)-related genes. ERLIN2 knockdown suppressed cell proliferation, migration and invasion, as well as EMT. ERLIN2 overexpression can restore the cell proliferation, migration and invasion that were inhibited by miR-410. Furthermore, our data demonstrated that miR-410 inhibition suppressed the expression of 
MiR-410 Acts as a Tumor Suppressor in

Introduction
Breast cancer is the most common malignancy in women and represents the second cause of cancer-related mortality in women in the developing world, with the increasing incidence and mortality rate [1, 2] . A previous study shows that approximately 70% of human breast cancer is estrogen receptor + (ER+) and estrogen exerts significant roles in the breast tumorigenesis [3] . There are multiple genetic alternations in breast cancer. Studies indicate that the amplification of 8p11-12 genomic region exists in 15% of breast cancers and contains several candidate oncogenes related to the survival and distant recurrence of the breast cancer patients. Endoplasmic reticulum lipid raft-associated 2 (ERLIN2) has been reported to serve as a candidate oncogene within the 8p11-12 amplicon and influences the transformed phenotypes [4] [5] [6] . A previous study shows that ERLIN2 is overexpressed in human breast cancer cells and tissue samples, and promotes cell survival through modulating the ER stress pathway [7] . Therefore, there is urgent need to elucidate the molecular mechanism underlying the aberrant expression of ERLIN2 in breast cancer, which will facilitate to explore and validate a novel potential therapeutic strategy for breast cancer patients.
MicroRNAs (miRNAs) are a conserved family of endogenous, small non-coding RNA molecules that are approximately 22 nt in length and act as significant post-transcriptional regulators of gene expression by base paring with the 3'untranslated region (3'UTR) of target genes, resulting in the cleavage of target mRNAs or the repression of translation [8, 9] . MiRNAs are involved in multiple biological and pathological processes, including cell proliferation, cell apoptosis and metastasis [10, 11] . They function as tumor suppressors or oncogenes depending on the roles of their targets [12, 13] . Accumulating evidence demonstrates that several miRNAs are deregulated in human breast cancer [14, 15] . Dozens of miRNAs, such as miR-449a [16] , miR-206 [17] and miR-26 [18] play crucial roles in the pathogenesis of breast cancer, serving as tumor suppressors or oncogenes.
In the current study, we aimed to validate a specific miRNA targeting ERLIN2 for elucidating the molecular mechanism of the aberrant ERLIN2 expression, and investigated its roles in the pathogenesis of breast cancer. We identified that ERLIN2 was a direct target of miR-410 and miR-410 suppressed ERLIN2 expression at the post-transcriptional level. MiR-410 suppressed breast cancer cell growth, migration and invasion, but promoted cell apoptosis through the downregulation of ERLIN2. MiR-410 and ERLIN2 were inversely correlated in ER positive breast cancer. Moreover, ERLIN2 knockdown can abrogate the inhibitory effects of miR-410 inhibitor on the ERS signaling pathway. Finally, we found that downregulation of miR-410 may be due to the hypermethylation of its promoter region.
Materials and Methods
Human breast cancer tissue samples
Breast cancer and adjacent non-tumor tissues were acquired from patients in the affiliated tumor hospital of Zhengzhou University, which were confirmed by the immunohistochemical staining. All breast cancer tissues were ER positive. The study was approved by the Ethical Committee of the affiliated tumor hospital of Zhengzhou University and obtained the consent of patients for the use in research. The tissue samples were stored and frozen at -80 o C until use.
Cell culture and transfections
Human breast cancer cell lines, MCF-7, T47D (ER+) and MDA-MB-231 (ER-), were cultured in RPMI 1640 (Sigma, USA), supplemented with 10% fetal bovine serum (FBS), 100 μg/ml streptomycin and 100 U/ ml penicillin. The cells were maintained in a humidified incubator at 37 o C with 5% CO 2 . For the treatment of 17β-estradiol (E2) in ER-breast cancer cells, the cells were incubated in phenol red-free RPMI 1640 with 5% dextran-coated charcoal-treated serum for at least 3 days before E2 (10 −8 mol/l) treatment. MiR-410 mimics, mimics control, miR-410 inhibitor and inhibitor control were purchased from GenePharma and were introduced to the cells using Lipofectamine TM 2000 reagent (Invitrogen) according to the manufacturer's protocols.
RNA isolation and real-time PCR
Total RNAs (inclusive of miRNAs) were extracted from the transfected cells or tissue samples using the Trizol reagent according to the manufacturer's instructions. RNAs were quantified using the NanoDrop ND-2000 spectrophotometer. For the cDNA synthesis of ERLIN2, 500 ng of RNA was reversely transcribed using Reverse transcriptase, and Oligo d(T) was used as the common primer, while for the cDNA synthesis of miR-410, specific miR-410 reverse transcription primer was used. Real-time PCR was performed using the SYBR R Green Realtime PCR Master Mix (TOYOBO) on an ABI 7300 system according to the following procedures: In addition, miR-410 expression in cell colonies were also determined.
Western blot assay
Proteins were extracted from the transfected cells to examine ERLIN2 protein expression. Briefly, cells were lysed using RIPA buffer (50 mM Tris-HCl, pH 8.8, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS) for 30 min at 4 o C. Protein concentration was measured using a BCA assay and 50 µg of proteins were then separated on a SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Rabbit polyclonal antibody to ERLIN2 (Abcam, 1:1000), rabbit polyclonal antibody to E-cadherin, rabbit polyclonal antibody to vimentin, Snail and Fibronectin (1:1000, Abcam) and β-tubulin were used as primary antibodies. Horseradish Peroxidase-conjugated goat anti-rabbit IgG was used as a secondary antibody. The bands were detected using the ECL Western blotting kit according to the manufacturer's protocols. β-tubulin was used as a loading control.
Plasmid construct and Luciferase assay ERLIN2 3'UTR containing the miR-410 binding site or the mutant ERLIN2 3'UTR (several bases within the binding site were mutated) were synthesized by annealing and then cloned into the PmeI and Xbal sites of the pmirGLO vector. The primers for the constructs were shown as followed: ERLIN2 3'UTR Top: 5'-AAACTA GCGGCCGC TAGT TTTATTAATAATTTTTATATAT-3'; Bottom:
For the luciferase assay, breast cancer cells were co-transfected with miR-410 mimics and wildtype or mutant luciferase constructs, together with controls. At 48 hrs after transfection, the cells were collected and subjected to luciferase assay using a Dual-Glo Luciferase Assay System (Promega) according to the Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry manufacturer's instructions. The Renilla luciferase intensity was used as an internal control to normalize the firefly luciferase intensity.
Cell Counting Kit-8 (CCK-8) assay
Cell viability was tested using a CCK-8 assay according to the manufacturer's protocols. The cells transfected with miR-410 mimics or miR-410 ASO or controls for 48 hrs were planted at a density of 2000 cells/well in 96-well plates. At 12 hrs after the transfected cell inoculation, the cells were incubated with CCK-8 for 1 hr. The absorbance was measured at 450 nm (A450 nm ) using a spectrophotometer.
Colony formation assay
The transfected cells were seeded in 12-well plates (150 cells/well) for the colony formation assay. The medium was changed every 3 days until most of the colonies contained more than 50 cells. The colonies were then washed with PBS and stained with 1% crystal violet.
In vivo animal study A xenograft nude mouse model was established in 6～8-week-old NOD/SCID mice under specific pathogen-free conditions and approved by the Institutional Animal Care and Use Committee of the affiliated tumor hospital of Zhengzhou University. Briefly, 1×10
6 MCF-7 cells transfected with 50 nM miR-410 agomir (RiboBio) or agomir control were suspended in 100 μl of PBS and subcutaneously injected into the flank of the mice. On week 1, 2 and 3, tumor volume was examined by measuring the length (L) and width (W) with calipers and calculated with the formula (L×W 2 )/2. The tumor xenografts were used to determine miR-410 and ERLIN2 by real-time PCR and western blot.
Transwell migration and invasion assays
Cell migration and invasion were analyzed using a Transwell migration and invasion kit (BD Biosciences) according to the manufacturer's instructions. Briefly, 2.5×10 4 transfected breast cancer cells were suspended in 250 µl of serum-free medium and then seeded in the upper chamber of the Transwell inserts for the migration and invasion assay. For the invasion assay, the upper chamber was firstly coated with matrigel. The lower chamber of the inserts was incubated with 10% FBS containing medium. After the cells migrated or invaded for 12 hrs and 20 hrs, respectively, the cells migrating or invading into the membrane were fixed and stained with crystal violet, while the cells that did not migrate or invade into the membrane were scraped with cotton tips. The migrated or invaded cells were finally observed and taken pictures under a microscope.
Cell apoptosis assay
Cell apoptosis was examined using an Annexin V-PE/7-AAD kit and flow cytometric analysis according to the manufacturer's instructions as previously described [19] . The cells with Annexin V-PE + /7-AAD -were calculated to represent apoptotic cells.
Immunohistochemical staining
Immunohistochemistry was performed on archival, formalin-fixed and paraffin-wax-embedded sections of human breast cancer tissues and adjacent non-tumor tissues according to the manufacturer's protocols. Rabbit monoclonal antibody to ERLIN2 (1:1000, Abcam) was used for the primary antibody.
siRNA treatment Cells were transfected with siRNA against for ERLIN2 or scrambled controls at a final concentration of 100 nM. At 48 hrs after transfection, the cells were collected and subjected to western blot assay to determine ERLIN2 protein expression. β-tubulin served as a loading control.
5-Aza treatment
The demethylation reagent 5-Aza (5-Aza-2'-deoxycytidine) was used to detect whether the downregulation of miR-410 was related to the promoter hypermethylation. The breast cancer cells were seeded into 6-well plates and then treated with 1 µmol/L 5-Aza for approximately 96 hrs. The cells were finally harvested and subjected to real-time PCR to analyze miR-410 expression level.
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Methylation specific PCR (MSP)
Genomic DNA was extracted from the cultured breast cancer cells using a cultured cell extraction kit (ABigen) in accord with the manufacturer's instructions. Subsequently, sodium bisulfite modification was applied to the genomic DNA using an EZ Methylation Kit (Zymo Research), followed by MSP using primers specific to methylated or unmethylated miR-410 promoter. MethPrimer software was used to design MSP primers and the primers were shown as follows: methylated primers: Forward: 5'-GTTTTTTTGAGGGTAGGAGTAGGAC-3'; Reverse: 5'-AAATACCATCGACTCAAAAACGTA-3'; unmethylated primers: Forward: 5'-GTTTTTTTGAGGGTAGGAGTAGGAT-3'; Reverse: 5'-AAATACCATCAACTCAAA AACATA-3'.
Statistical analysis
The data were represented as mean ± SD (standard variation) from three independent experiments. The statistical analysis was performed using GraphPad Prism 5 software. The differences between two groups were analyzed using the two-tailed Students' t-test. For the differences among three groups, oneway ANOVA followed by a LSD (least significant difference) test was used. A value of p < 0.05 was considered statistically significant.
Results
ERLIN2 is a direct target of miR-410 in human breast cancer cells
Three algorithms (PicTar, microRNA.org and TargetScan) were used to predict miRNAs which may target ERLIN2. Among the candidate miRNAs, 9 miRNAs (miR-543, miR-342-3p, miR-339-5p, miR-216b, miR-590-3p, miR-181b/d, miR-410, miR-433 and miR-196a/b) were selected for further study. Next, we checked the effect of these candidate miRNAs on ERLIN2 expression by Western blot and Real-time PCR in MCF-7 and MDA-MB-231 cell lines. Among these miRNAs, we found that miR-410 significantly reduced ERLIN2 protein level in MCF-7 cells. In addition, miR-433, miR-181b/d and miR-343-3p also suppressed ERLIN2 protein levels. However, none of miRNAs downregulated ERLIN2 expression in MDA-MB-231 cells (Fig. 1A) . In line with the results from Western blot assay, we found that only miR-410 inhibited ERLIN2 mRNA expression in MCF-7 cells, but not in MDA-MB-231 cells (Fig. 1B) . Moreover, we detected miR-410 and ERLIN2 expression in five breast cell lines, MCF-7, MDA-MB-231, MDA-MB-453, T47D and MDA-MB-435s. We found that miR-410 was significantly downregulated in T47D cells compared to MCF-7 cells, with a slight decrease in MDA-MB435s cells (Fig. 1C ). However, ERLIN2 protein level was overexpressed in these cell lines (Fig.  1D) , suggesting a negative relationship between miR-410 and ERLIN2 in MCF-7 and T47D cells, except in MDA-MD-231 and MDA-MB-453 cells.
To determine whether ERLIN2 is a direct target of miR-410 in breast cancer, a luciferase reporter construct was first generated. ERLIN2 3'UTR containing wildtype or mutant miR-410 binding sites was cloned and inserted downstream of a luciferase reporter gene (Fig.  1E) , and subsequently co-transfected MCF-7 cells with miR-410 or control. As shown in Fig.  1F , we found that miR-410 reduced the luciferase intensity controlled by ERLIN2 3'UTR, while miR-410 inhibition increased ERLIN2 3'UTR intensity. However, the inhibitory effect of miR-410 on ERLIN2 3'UTR was abrogated when the binding sites were mutated. Taken together, the results indicate that miR-410 downregulates ERLIN2 expression by directly binding to its 3'UTR.
The regulation of ERLIN2 by miR-410 is estrogen-dependent in breast cancer cells
The above results showed that miR-410 inhibited ERLIN2 expression in MCF-7 cells but not in MDA-MB-231 cells, implying that the regulation of ERLIN2 by miR-410 may be related to estrogen. We then detected the effect of miR-410 on ERLIN2 expression in other ER (-) cells, MDA-MB-453 and MDA-MB-435s. As shown in Fig. 2A , miR-410 did not influence ERLIN2 protein level in MDA-MB-453 and MDA-MB-435s. Next, we aimed to investigate whether estrogen affected the expression of miR-410. Results from Fig. 2B showed that miR-Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry 410 expression was not regulated by 17β-estradiol (E2). We furthermore found that miR-410 suppressed ERLIN2 3'UTR intensity in MDA-MB-231 and MDA-MB-453 cells when the cells were treated with E2 (Fig. 2C) . However, when MCF-7 and T47D cells were treated with the inhibitor of estrogen, the inhibitory effect of miR-410 on ERLIN2 intensity was partially abrogated (Fig. 2D) . Overall, the data indicate that the regulation of ERLIN2 by miR-410 is estrogen-dependent.
MiR-410 suppresses breast cancer cell growth but promotes cell apoptosis
We next investigated the effects of miR-410 on the malignant phenotypes in breast cancer cells. CCK-8 assay showed that miR-410 inhibition enhanced the cell viability in MCF-7 cells compared to cells transfected with controls. In contrast, the cell viability was inhibited when treated with miR-410 mimics. Similar results were obtained in T47D cells (Fig. 3A) . In line with the results from CCK-8 assay, we found that miR-410 inhibition increased the number of colonies in MCF-7 cells, while miR-410 overexpression reduced the colony number in T47D cells (Fig. 3B) . The miR-410 expression in the colonies was also determined by qPCR (Fig 3B) . To explore whether the effects of miR-410 on cell growth is related to cell apoptosis, we performed apoptosis assay via flow cytometry. As shown in Fig. 3C , the apoptosis rate was suppressed when the cells were transfected with miR-410 inhibitor. On the contrary, the apoptotic rate was increased when transfected with miR-410 At 48 hrs after transfection, the cells were harvest and subjected to luciferase reporter assay to examine the effect of miR-410 on ERLIN2 3'UTR intensity. *P<0.05. All data were from three independent experiments and one representative experiment was shown in the manuscript. xenograft samples. β-tubulin was used as a loading control. Relative protein levels were analyzed shown in the graph. All data were from three independent experiments and one representative experiment was shown in the manuscript. Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry mimics. Similar data were acquired in T47D cells (Fig. 3D ). These data suggest that miR-410 suppresses cell proliferation via the promotion of cell apoptosis. In addition, a xenograft tumor mouse model was established by subcutaneously injecting miR-410 agomir-treated cells or cells with agomir control into the flank of the mouse. The xenograft volumes were measured on week 1, 2 and 3. As shown in Fig. 3E , we found that miR-410 agomir suppressed the xenograft volumes compared to control group. The expression of miR-410 was increased in the xenograft treated with miR-410 agomir, suggesting that the delivery of miR-410 agomir was successful (Fig. 3F) . As expected, ERLIN2 protein expression was inhibited in the xenograft tissues treated with miR-410 agomir compared to control group (Fig. 3G) .
MiR-410 suppresses cell migration and invasion as well as EMT in breast cancer cells
Besides the cell growth, we further detected the effects of miR-410 on cell migration and invasion. As shown in Fig. 4A , miR-410 inhibition increased the number of migratory cells compared to inhibitor control in MCF-7 cells, while the migratory cell number was reduced when the cells were transfected with miR-410 mimics. Similar results were observed in T47D cells transfected with miR-410 inhibitor or miR-410 mimics. In line with the results obtained in migration assay, we found that miR-410 inhibition increased the number of invading cells, while miR-410 overexpression resulted in a decrease in the number of invading cells (Fig.  4B) . Considering epithelial-mesenchymal transition (EMT) is a basic cause of cell invasion and a characteristic feature of cells undergoing proliferation, we next examined the effects of miR-410 on EMT-related genes' expression. As shown in Fig. 4C , miR-410 inhibition increased the expression of Vimentin, Snail and Fibronectin but reduced the E-cadherin mRNA expression. In contrast, miR-410 resulted in opposite effects. Similar results were obtained in the Western blot assay (Fig. 4D) . Taken together, the results indicate that miR-410 inhibits cell migration and invasion via the suppression of EMT.
ERLIN2 mediates the roles of miR-410 in the pathogenesis of breast cancer
We aimed to determine whether ERLIN2 was a functional target of miR-410 in breast cancer cells. ERLIN2 knockdown or ERLIN2 overexpression was confirmed by Western blot assay (Fig. 5A and 5C ). We found an increase in MCF-7 cell growth (Fig. 5A ), migration and invasion (Fig. 5B) induced by miR-410 inhibition was restored when the cells were co-transfected ERLIN2 siRNA, compared to the cells with controls. However, ERLIN2 (Fig.  5C ), migration and invasion (Fig. 5D ). These results suggest that miR-410 suppresses cell growth, migration and invasion in breast cancer cells partially through the downregulation of ERLIN2.
MiR-410 and ERLIN2 are inversely correlated in breast cancer
To further investigate the clinicopathological significance of the abnormal expression of miR-410 and ERLIN2, we analyzed miR-410 and ERLIN2 expression by real-time PCR in ER(+) breast cancer tissues and adjacent non-tumor tissues. As shown in Fig. 6A , we found that miR-410 was significantly downregulated in breast cancer tissues compared to adjacent non-tumor tissue samples, while ERLIN2 was upregulated in breast cancer tissue samples (Fig. 6B) . In line with the real-time PCR results, immunohistochemical staining (Fig. 6C) showed that ERLIN2 was upregulated in breast cancer tissues.
MiR-410 and ERLIN2 can modulate the expression of ERS-related proteins in breast cancer
Since the ERS signaling pathway plays important roles in the pathogenesis of cancers, we then determined the effects of miR-410 on the ERS-related molecules' expression by Western blot in MCF-7 and T47D cells. As show in Fig. 6D , we found that inhibition of miR-410 expression suppressed the expression of CHOP, GRP94, Bip as well as the phosphorylation level of eIF2α in MCF-7 cells, but slight effect on phosphorylation of PERK. In addition, we also examined the levels of apoptosis-related protein and found that miR-410 inhibition increased Bcl-2 expression level. Importantly, ERLIN2 knockdown abrogated the effects of miR-410 inhibition on the expression of ERS signaling and Bcl-2 protein levels. However, miR-410 mimics led to opposite results compared to the cells with miR-410 inhibitor, and ERLIN2 overexpression can attenuate miR-410 inhibitor-induced effects on these proteins (Fig. 6D) . Cellular Physiology and Biochemistry
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The downregulation of miR-410 in breast cancer may be related to DNA methylation Finally, we aimed to investigate the potential mechanism of miR-410 downregulation in breast cancer. Results in a previous study indicate that there is a CpG island around the genomic locus of miR-410 [20] . In order to determine whether miR-410 promoter was regulated by CpG hypermethylation in ER(+) breast cancer, 5'-aza-2'-deoxycytidine (5-Aza) was added in MCF-7 and T47D cells. Real-time PCR results revealed that miR-410 expression was increased after 5-Aza treatment, compared to control groups (Fig. 6E) . Moreover, methylation-specific PCR (MSP) was performed and we found that miR-410 was totally (Fig. 6F) . However, miR-410 expression was not affect by 5-Aza in ER(-) cell lines, suggesting that it may be not methylated in ER(-) cells (Fig. 6G ).
Discussion
The current study demonstrated that miR-410 suppressed cell growth, migration and invasion as well as EMT by downregulating ERLIN2 via the modulation of ERS-related genes, acting as a tumor suppressor in ER(+) breast cancer. The study also suggests that delivery of miR-410 has potential as a therapeutic strategy for breast cancer patients.
The roles of miR-410 in this study was in agree with the findings in other studies. For examples, miR-410 is downregulated in pituitaty gonadotroph tumors and suppresses cell proliferation by targeting CCNB1 [21] . MiR-410 inhibits cell growth, migration and invasion as well as the G1/S cell-cycle arrest through the downregulation of angiotensin II type 1 receptor in pancreatic cancer, functioning as a tumor suppressor [22] . In glioma, miR-410 suppresses the cell proliferation and invasion by targeting MET [23] . MiR-410 plays similar roles in gastric cancer by targeting MDM2, and downregulation of miR-410 is associated with lymph-node metastasis [24] . Moreover, miR-410 enhances the radiosensitivity of gastric cancer cells and suppresses cell proliferation as well as radio-induced EMT [25] . However, several data in the previous studies indicate that miR-410 acts as an oncogene in diverse cancers, such as NSCLC [20, 26] , liver and colorectal cancers [27] . In conclusion, the discrepancy for the roles of miR-410 in cancers may be due to the different targets of miR-410 in diverse tumors and its tissue-specificity, which meant different tumors have varied clinical and pathological characters. Besides tumors, miR-410 is also involved in the pathogenesis of system lupus erythematosus (SLE) by regulating IL-10 expression through targeting STAT3 [28] .
ERLIN2 is been reported to be overexpressed in human breast cancer, and promoted cancer cell proliferation [4] [5] [6] [7] . It is reported that ERLIN2 can interact with the mitosispromoting factor complex cyclinB1/cdk1, and stabilizes cyclinB1 via facilitating K63-linking ubiquitination. It can also enhance cell cycle progression, cell proliferation, malignancy and the cell response to anticancer drugs of breast cancer [29] . In agree with the findings in the previous studies, our study showed that ERLIN2 increases cell growth, migration and invasion that were inhibited by miR-410, while ERLIN2 knockdown resulted in opposite effects. In addition, we validated that ERLIN2 was a direct target of miR-410, and miR-410 downregulated ERLIN2 expression. In our study, we found ERLIN2 was highly expressed in ER(+) breast cancer tissues, while miR-410 was downregulated compared to adjacent nontumor tissues. Moreover, our data indicated that the regulation of ERLIN2 by miR-410 was estrogen-dependent. The inhibitory roles of miR-410 in ERLIN2 expression only existed in ER(+) breast cancer cell lines, not in ER-cell lines. However, when we treated 17β-estradiol (E2) into ER-breast cancer cells, we found that miR-410 can inhibit ERLIN2 expression. While we treated ER(+) cells with estrogen inhibitors, the downregulation of ERLIN2 by miR-410 was ameliorated. The above results were similar with the previous findings that the different regulatory roles of miRNAs in two breast cancer subtypes may be due to the different expression of several key miRNA processing genes between ER-and ER+ breast cancer, especially Ago2 and Dicer [30, 31] .
ERS pathway is involved in several biological processes, such as cell apoptosis. For example, extracts of Annona muricata can cause apoptosis of cancer cells and inhibit tumor growth through the activation of ERS pathway, with the upregulation of GRP94, HSP70, Bip and CHOP, as well as the upregulated phosphorylation of PERK and eIF2α [32] . Andrographolide induces apoptosis of colon cancer cells via the upregulation of ERS proteins GRP78, CHOP as well as the decreased BAX/Bcl-2 ration [33] . ERS pathway is also reported to participate in the malignancy of diverse cancers, such as the metastasis of breast cancer [34, 35] , the poor progression of gastric carcinoma [36] as well as anti-cancer drug resistance of lung cancer cells and ovarian carcinoma cells [37] . Moreover, another study also demonstrates Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry that icariin exerts anti-tumor activity by upregulating the expression of ERS -related molecules (GRP78, CHOP, p-PERK and p-eIF2a), resulting in the inhibition of cell migration, adhesion and increase in apoptosis [38] . In the current study, we demonstrated that miR-410 inhibition can suppress the expression of ERS-related genes, including CHOP, GRP94, Bip and the phosphorylation level of eIF2α. MiR-410 inhibition also reduced cell apoptosis via the upregulation of Bcl-2. However, ELRIN2 knockdown can abrogate the effects of miR-410 inhibitor on ERS signaling pathway, which was consistent with the findings in the previous study that ERLIN2 can modulate cell malignancy through the regulation the ERS pathway [7] . MiR-410 mimics had opposite effects on ERS pathway compared to that of miR-410 inhibition. Taken together, our data indicate that miR-410 played anti-tumor activity by targeting ERLIN2 via the modulation of ERS pathway. However, the roles of ERS pathway in the chemotherapy resistance of breast cancer need to be detected further, which will be beneficial for exploring therapeutic and prognostic biomarker. Accumulating evidence indicates that promoter hypermethylation accounts for the downregulation of miRNAs in a series of cancers [39] . For example, miR-375 is downregulated in HPV-16 positive cervical cancer cells partly due to promoter hypermethylation mediated by DNMT1 [40] . DNA methylation accounts for the downregulation of miR-152 in breast cancer cells which suppresses cell migration via the DNMT1/CDH1 loop [41] . Previous studies validate that DNA methylation is associated with hypoxia which will affect the activity of TET enzyme, DNMT1 [42, 43] . The abnormal miRNA expression is related to tumor microenvironment, such as hypoxia [44, 45] . In our study, PCR showed that miR-410 was increased after 5-Aza treatment, and MSP results indicated that miR-410 was hypermethylated in T47D and MCF-7 cells, respectively. However, miR-410 expression was not affected in the ER(-) cells after treated with 5-Aza. The data suggested that the deregulation of miR-410 might be due to the promoter methylation which might be not existed in ER(-) cells. However, we need further to investigate which methylation-related enzyme is involved and whether the abnormal miR-410 level is related to hypoxia of breast cancer.
In conclusion, this study indicate that miR-410 plays anti-tumor roles by directly targeting ERLIN2, acting as a tumor suppressor in ER(+) breast cancer. Moreover, the downregulation of miR-410 was related to promoter hypermethylation. All data suggest that miR-410 may serve as a potential therapeutic target for patients with ER(+) breast cancer, which will be a long way to be validated in the clinic experiment.
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